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# E. BE WY Hippophae rhamnoides WML 8 KPR FPUIEHIGTE. 3% KRR . ODS. Sephadex
LH-20. MCI CHP20 FE: i A0 24 il 5% AR S5 7 VR AT 0 B 4lifh, 385 il AT 5 @ fh BRI G0 . o B3 BRIk & itk AT
A IH] RAW264.7 ELEAR I — S0 A B AP IS ME A 3T3-L1 A A0 i =Bt H s B PRSI . R M
Ay AR B 18 MRTZAED, SN 1,2,6-=-0- & T FEIE-B-D-IE I # & 8 (1) 1,3,6-=-0-1% & TFE5E-B-D-
MR ZFE (2). 1,4,6-=-0-1% & TBEH-p-D-ML MR E 48 (3). 1,3,4,6-19-0-1% & TBEE-B-D-IL & & 9% (4). 1,2,3,6-M1-0-
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FNFRBEDR R ER-B-D- ML BV AT (9D 1,6- —-0-1 & FIE5E-2,3-(S)- /N SR BRI OR F R 56 B-D- ML Mg B AT 2 0 (10D AR
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SR B4 T R B BT
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Inhibitory effects of tannins from leaves of Hippophae rhamnoids and their
anti-inflammatory and anti-obesity effects
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Abstract: Objective To study the anti-inflammatory and anti-obesity constituents from the leaves of Hippophae rhamnoids.
Methods Several open-column chromatographic techniques and semi-preparative HPLC were used to separate and purify the
compounds in H. rhamnoids. The structures of isolated compounds were elucidated by the spectroscopic analysis. Their inhibitory
effects on nitric oxide production in RAW264.7 cells, and triglyceride accumulation in 3T3-L1 cells were examined. Results Eighteen
tannins and other compounds were isolated and identified as 1,2,6-tri-O-galloyl-B-D-glucopyranose (1), 1,3,6-tri-O-galloyl-f3-D-
glucopyranose (2), 1,4,6-tri-O-galloyl-p-D-glucopyranose (3), 1,3,4,6-tetra-O-galloyl-B-D-glucopyranose (4), 1,2,3,6-tetra-O-galloyl-
B-D-glucopyranose (5), 1,2,3.4,6-penta-O-galloyl-B-D-glucopyranose (6), 1-O-galloyl-4,6-(S)-HHDP-B-D-glucopyranose (7), 1-O-
galloyl-2,3-(S)-HHDP-B-D-glucopyranose (8), 1,3-di-O-galloyl-4,6-(S)-HHDP-B-D-glucopyranose (9), 1,6-di-O-galloyl-2,3-(S)-
HHDP-B-D-glucopyranose (10), casuarictin (11), 1,2,3-tri-O-galloyl-4,6-(S)-HHDP-B-D-glucopyranose (12), 1,4,6-tri-O-galloyl-2,3-(S5)-
HHDP-B-D-glucopyranose (13), hippophaenin B (14), pedunculagin (15), casuarinin (16), ellagic acid (17), and pinitol (18)
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Conclusion Tannins from the leaves of H. rhamnoides showed anti-inflammatory and anti-obesity activities. Compounds 2, 3, 5, 6, 8,

10, 12, and 13 were isolated from this genus for the first time

Key words: Hippophae rhamnoids L.; tannin; anti-inflammation; anti-obesity; 1,3,6-tri-O-galloyl-p-D-glucopyranose; 1,2,3-tri-O-

galloyl-4,6-(S)-HHDP-B-D-glucopyranose

ik Hippophae rhamnoides L. NHIFITFHDb
TR H) V& HEAREBU/INTR R, B A A 2290 L T
A, FEZ T By mior o B AN 25 5 B
BHEZ A7 M7 WA, oA T IR E P L
b Kb, TURSSEM, 2T L A v R
T 90%!M.

(PEZ ) 2015 FRUEA VI, HIRSEA
AR bR W IMEORITIR, R
fi BRI AT . vhikrE BEAROR A (b 24 )
Bk, HREFR PAEMTRIEERRSDT 2013
RGO IR W B W RS
HEAP BRI R M A, Wl B
AHARPL FUIEREPL g B A s
Pho AESZVDO 245 RO SRR R e T A, N
T35 WD R R T PP 24 25 o R AT
T ASEIG NI rh o> A3 T 18 MEET, I
BTN 1,2,6-=-0-1 1 1 B Bk - B-D- Mt W 78] %6 1
(1,2,6-tri-O-galloyl-B-D-glucopyranose, 1). 1,3,6-
= -0- V& T BEFE -B-D- L W A & B (1,3,6-tri-0-
galloyl-B-D-glucopyranose, 2). 1,4,6-=-0-% & T
I 2k -B-D- it W 78 % BE ( 1,4,6-tri-O-galloyl-B-D-
glucopyranose, 3). 1,3,4,6-VU-O-% & F i %&-B-D-
e v % BE C 1,3,4,6-tetra-O-galloyl-B-D-gluco-
pyranose, 4). 1,2,3,6-VU-O-B¢ & Bt 5L -B-D-MHL g 76
%M (1,2,3,6-tetra-O-galloyl-B-D-glucopyranose, 5)-
1,2,3,4,6- 1. -0- B¢ & 1 Bt 5 -p-D- mtt 1o % 45 Al
(1,2,3,4,6-penta-O-galloyl-B-D-glucopyranose, 6) -
1-0-1 B T It 5E-4,6-(S)- 75 F2 BRI R I 2k -B-D- ik
W A H & B [1-O-galloyl-4,6-(S)-HHDP-B-D-
glucopyranose, 7]v 1-O-B 8T EHE-2,3-(S)-/SFadd
I 2 FH Bt 2 -B-D- 1k Rg B & BE  [1-O-galloyl-2,3-
(S)-HHDP-B-D-glucopyranose, 8] 1,3---O-%&F
B2k -4,6-(S)- /N FR DR H I 2k -B-D- HEk M 7R ] 2
[1,3-di-O-galloyl-4,6-(S)-HHDP-B-D-glucopyranose,
9]\ 1,6--O-F% B THEIE-2,3-(S)- /N FR I BRI B SE-
B-D-Mtt g 1 48] & ¥ [1,6-di-O-galloyl-2,3-(S)-HHDP-
B-D-glucopyranose, 10]. ARMREEES (casuarictin,
1), 1,2,3-=-0-K B Tt 5E-4,6-(S)- /N R R —

FH Pk 5L -B-D- Al W B0 381 A5 B [1,2,3-tri-O-galloyl-4,6-
(S)-HHDP-B-D-glucopyranose, 12]. 1,4,6-—-0-¥%
BT BEFE-2,3-(5)- /5 F2 3L BE 2K — H Bk 2k -B-D- it 1
B A & M [1,4,6-tri-O-galloyl-2,3-(S)-HHDP-p-D-
glucopyranose, 13] hippophaenin B(14) . pedunculagin
(15)+ AMBEE#ET (casuarinin, 16). AR (ellagic
acid, 17) LAKAARE (pinitol, 18). HH, 1b&4) 2.
3. 5. 6. 8. 10. 12 1 13 NEXMiZEE+H 75
1920, AEVIEMERF R, W R RS )
BABORIIT AR TE RS T .
1 {XEE5HH

JEOL ECA 600 BUAZHEILARIEIE{X, JEOL GC
mate JFTHE{X, JASCO - il 2% 2 iy RUBAH (A,
B ERERS . ODS. Sephadex LH-20 % S HE LR . MCI
CHP20 "RFHA a4, ~Fil & (14 YMK Pak Ph
(250 mm X 10 mm). Cosmosil 5C;g PAQ (250 mmX
10 mm). Cosmosil 5C;3 t-NAP (250 mmX 10 mm)
2, AR T4l

SEIG VBT R TN S, B MNIK RS E
A 252 T B W R Y 8 NP BR Hippophae
rhamnoides L. WM, drA (SJ20171001) CRAF
T K22
2 RESSE

R 6 kg FH 80% H IR IR, RE 3 IR,
e A IR, MEIRGETHRE 1.4 kg BE
KEE, RS BERROER. 1E T EE B 3
W, WUREUET, AN IRIY, HAER
fig ZAKZ 53 58 60 g A1 933 go BUESER 2 B8 #EA7
57 ¢ IRE, 20%HBEEM G, H#E4T Sephadex LH-20
FEEE B, DLEEE-/K (20 1 80—100 : 0) ¥AF &
GRLEEVENL, 133 4 NS> Fr. 1~4, Fr.4 (20
i RER . MCI CHP-20 (2 A1 i) £ v 250
iy aith, SELAY 1 (180.0 mg). 2 (8.0
mg). 3(38mg).4(10mg).5(37 mg). 6 (50 mg)-
7 (140.0 mg). 8 (180.0 mg). 9 (10mg). 10 (68
mg). 11 (560 mg). 12 (82 mg). 13 (290 mg).
15 (120.5 mg). 16 (170.1 mg). 17 (130.1 mg),
HUKJZ 910 g 2%, H Sephadex LH-20 F a1 i 47
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O3B, DLHEE-ZK (0 1 100—100 : 0) &7 RS E
Veli, 153 6 N Fr. 1~6, Fr. 3 (15 g) &5t
MCI CHP-20 #F ik 7y F4ift, 32 HEY) 14 (560
mg)- 16 (700.0 mg). Fr. 1 (580 g) &3 MCI CHP-20
OIS B aifh, 1921465418 (1400 mg).
3 kT

Ew 1: HWEREK, o]y —92.1° (¢ 0.2,
MeOH); FAB-MS m/z: 635 [M—H] , HR-FAB-MS
miz: 635.088 3 [M—H] (it%& {4 635.088 3,
C,7H3015); 'H-NMR (600 MHz, acetone-de) J: 5.99
(1H, d, J = 8.4 Hz, glu-H-1), 5.26 (1H, t, J = 8.8 Hz,
glu-H-2), 3.99 (1H, t, J = 9.5 Hz, glu-H-3), 3.77 (1H,
t, J = 9.5 Hz, glu-H-4), 3.93 (1H, m, glu H-5), 4.58
(1H, dd, J = 12.1, 1.8 Hz, glu-H-60), 4.49 (1H, dd, J =
12.1, 4.7 Hz, glu-H-6B), 7.16 (2H, s, galloyl-H-2, 6),
7.10 (2H, s, galloyl-H-2, 6), 7.08 (2H, s, galloyl-H-2,
6); C-NMR (150 MHz, acetone-de) 0: 93.6 (glu-C-1),
73.9 (glu-C-2), 75.6 (glu-C-3), 71.1 (glu-C-4), 76.1
(glu-C-5), 63.9 (glu-C-6), 121.7, 121.5, 120.3
(galloyl-C-1), 110.3, 110.1, 110.0 (galloyl C-2, 6),
146.1, 146.0, 145.9 (galloyl-C-3, 5), 139.6, 139.0,
138.9 (galloyl-C-4), 166.7, 166.0, 165.2 (galloyl-C =
0)o UL ¥l 5 kB R A — 5", ket s
Y14 1,2,6-=-O-V% BT I J&-B-D- N e 48] 227 %

WEY 2: BEEKEK, [o]f +22.5° (¢, 0.5,
MeOH); FAB-MS m/z: 635 [M—H], HR-FAB-MS
miz: 635.088 4 [M—H] (it5H {4 635.088 3,
C27H23015): 'H-NMR (600 MHz, acetone-dg) d: 5.90
(1H, d, J = 7.9 Hz, glu-H-1), 3.89 (1H, t, J = 8.3 Hz,
glu-H-2), 5.36 (1H, t, J = 9.2 Hz, glu-H-3), 3.92 (1H,
t, J = 9.3 Hz, glu-H-4), 3.98 (1H, m, glu-H-5), 4.58
(1H, dd, J = 12.1, 1.7 Hz, glu-H-60), 4.49 (1H, dd, J =
12.1, 4.7 Hz, glu-H-6B), 7.19 (2H, s, galloyl-H-2, 6),
7.19 (2H, s, galloyl-H-2, 6), 7.16 (2H, s, galloyl-H-2,
6); BC-NMR (150 MHz, acetone-dg) o: 95.7 (glu-
C-1), 72.4 (glu-C-2), 78.8 (glu-C-3), 69.3 (glu-C-4),
75.9 (glu-C-5), 63.9 (glu-C-6), 122.1, 121.7, 120.9
(galloyl-C-1), 110.4, 110.2, 110.0 (galloyl-C-2, 6),
146.1, 146.1, 146.0 (galloyl-C-3, 5), 139.4, 139.0,
138.7 (galloyl-C-4), 166.7, 166.6, 165.4 (galloyl-C =
0). LA ¥t 5 cmripiE A —5", et s
Y2 N 1,3,6-=-0-1% & I F5-B-D- Mt it 78 2 B

WEY 3: ERBEMA, [a]h +28.9° (¢, 0.5,

MeOH); FAB-MS m/z: 635 [M—H], HR-FAB-MS
m/z: 635.088 4 [M—H] (il %14 635.088 3,
C27H3015): 'H-NMR (600 MHz, acetone-dg) 6: 5.86
(1H, d, J = 8.3 Hz, glu-H-1), 3.74 (1H, t, J = 8.2 Hz,
glu-H-2), 4.00 (1H, t, J = 9.3 Hz, glu-H-3), 5.27 (1H,
t, J = 9.0 Hz, glu-H-4), 4.15 (1H, m, glu-H-5), 4.46
(1H, dd, J = 12.4, 1.7 Hz, glu-H-6a), 4.20 (1H, dd, J =
12.4, 5.2 Hz, glu-H-6pB), 7.20 (2H, s, galloyl-H-2, 6),
7.17 (2H, s, galloyl-H-2, 6), 7.14 (2H, s, galloyl-H-2,
6); BC-NMR (150 MHz, Acetone-dgs) d: 95.4 (glu
C-1), 74.1 (glu-C-2), 75.5 (glu-C-3), 71.6 (glu-C-4),
73.9 (glu-C-5), 63.4 (glu-C-6), 121.5, 121.4, 120.8
(galloyl-C-1), 110.3, 110.2, 110.0 (galloyl-C-2, 6),
146.0, 146.0, 145.9 (galloyl-C-3, 5), 139.4, 139.0,
138.8 (galloyl-C-4), 166.4, 166.0, 165.3 (galloyl-C = O).
L Ht 5 e s A M, M et s 3
N 1,4,6-=-0-1% & Bt 3&-B-D- Mt Wi 7] %5 B o

WEY 4: EBBEKHAK, [a]h +30.8° (¢, 0.5,
MeOH): FAB-MS m/z: 787 [M—H] , HR-FAB-MS
m/z: 787.099 3 [M—H] (%18 787.099 2,
C34H2702); "H-NMR (600 MHz, acetone-dg) 0: 6.01
(1H, d, J = 8.3 Hz, glu-H-1), 4.09 (1H, t, J = 8.6 Hz,
glu-H-2), 5.70 (1H, t, J = 9.6 Hz, glu-H-3), 5.51 (1H,
t, J = 9.6 Hz, glu-H-4), 441 (1H, m, glu-H-5), 4.58
(1H, dd, J = 12.4, 1.7 Hz, glu-H-6a), 4.49 (1H, dd, J =
12.4, 5.2 Hz, glu-H-6B), 7.21 (2H, s, galloyl-H-2, 6),
7.15 (2H, s, galloyl-H-2, 6), 7.10 (2H, s, galloyl-H-2,
6), 7.07 (2H, s, galloyl-H-2, 6); "*C-NMR (150 MHz,
acetone-dg) oJ: 94.8 (glu-C-1), 71.2 (glu-C-2), 75.1
(glu-C-3), 68.9 (glu-C-4), 73.0 (glu-C-5), 62.6
(glu-C-6), 120.2, 120.1, 119.4, 119.4 (galloyl-C-1),
109.6, 109.4, 109.4, 109.3 (galloyl-C-2, 6), 145.5,
145.4, 145.4, 1453 (galloyl-C-3, 5), 139.2, 139.0,
138.5, 138.5 (galloyl-C-4), 166.21, 1662, 165.7,
165.3 (galloyl-C = O). LA FEd 5 SCRkARIE A —
FUH, MUEELEY 4 7 1,3,4,6-D0-0-1% & Tk 3-
B-D-THk e ] %7 1k o

WEY 5. WA, [a]) +28.1° (¢, 0.5,
MeOH): FAB-MS m/z: 787 [M—H] , HR-FAB-MS
m/z: 787.099 3 [M—H] (iFH1E 787.099 2,
CyH»702): 'H-NMR (600 MHz, acetone-ds) 6: 6.19
(1H, d, J = 8.6 Hz, glu-H-1), 5.48 (1H, t, J = 8.6 Hz,
glu-H-2), 5.69 (1H, t, J = 8.9 Hz, glu-H-3), 4.11 (1H,
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m, glu-H-4), 4.16 (1H, m, glu-H-5), 4.62 (1H, dd, J =
12.1, 1.8 Hz, glu-H-60), 4.58 (1H, dd, J = 12.1, 4.7
Hz, glu-H-6B), 7.19 (2H, s, galloyl-H-2, 6), 7.10 (2H,
s, galloyl-H-2, 6), 7.09 (2H, s, galloyl H-2, 6), 7.01 (2H,
s, galloyl H-2, 6); “C-NMR (150 MHz, acetone-d) o:
935 (glu-C-1), 71.8 (glu-C-2), 75.9 (glu-C-3), 68.4
(glu-C-4), 76.1 (glu-C-5), 63.7 (glu-C-6), 121.6, 121.4,
120.8, 120.1 (galloyl-C-1), 110.3, 110.2, 110.1, 110.0
(galloyl-C-2, 6), 146.1, 146.1, 145.9, 145.9 (galloyl-
C-3, 5), 139.7, 139.2, 139.0, 138.9 (galloyl-C-4),
166.6, 166.2, 165.8, 165.0 (galloyl-C = O). LA _E##s
5B A -, M et A 5 N 1,2,3,6-
VU-O- £ 1 F-B-D- Lk e 3] 22 B

WEY 6: ERBWERMA, [a]h +23.0° (¢, 0.5,
MeOH); FAB-MS m/z: 939 [M—H] , HR-FAB-MS
miz: 939.110 3 [M—H] (it &1 939.110 2,
C41H3,04); 'H-NMR (600 MHz, acetone-dg) : 6.34
(1H, d, J = 8.5 Hz, glu H-1), 5.62 (1H, t, J = 8.4 Hz,
glu-H-2), 6.02 (1H, t, J = 9.5 Hz, glu-H-3), 5.67 (1H,
t, J = 9.5 Hz, glu-H-4), 4.58 (1H, m, glu-H-5), 4.55
(1H, dd, J = 12.4, 1.9 Hz, glu-H-60), 4.42 (1H, dd, J =
12.4, 4.4 Hz, glu-H-6B), 7.19 (2H, s, galloyl-H-2, 6),
7.12 (2H, s, galloyl-H-2, 6), 7.06 (2H, s, galloyl-H-2,
6), 7.02 (2H, s, galloyl-H-2, 6), 6.98 (2H, s, galloyl-
H-2, 6); “C-NMR (150 MHz, acetone-ds) J: 93.3
(glu-C-1), 71.8 (glu-C-2), 73.3 (glu-C-3), 69.3
(glu-C-4), 74.0 (glu-C-5), 62.8 (glu-C-6), 1214,
120.7, 120.6, 120.6, 119.9 (galloyl-C-1), 110.4, 110.3,
110.2, 110.1, 110.1 (galloyl-C-2, 6), 146.1, 146.03,
145.98, 145.94, 145.86 (C-3, 5), 139.8, 139.4, 139.3,
139.2, 139.0 (galloyl-C-4), 166.4, 165.9, 165.7, 165.6,
165.0 (galloyl-C = 0). LA L#ds 5 SClikfoE 3E A —
H, MR EY 6 N 1,2,3,4,6-F-0-B 3 T
B -B-D- M W ] 25 4

Ew 7. HWERAK, [y —26.3° (¢ 0.3,
MeOH); FAB-MS m/z: 633 [M—H] , HR-FAB-MS
mi/z: 633.072 9 [M—H] (it & 1E 633.072 7,
Cy7H,015): 'H-NMR (600 MHz, acetone-d) d: 5.75
(1H, d, J = 7.9 Hz, glu-H-1), 3.79 (1H, t, J = 8.3 Hz,
glu-H-2), 3.93 (1H, t, J = 9.6 Hz, glu-H-3), 491 (1H,
t, J = 9.6 Hz, glu-H-4), 4.19 (1H, m, glu-H-5), 5.22
(1H, dd, J = 12.7, 6.2 Hz, glu-H-60), 3.86 (1H, d, J =
12.7 Hz, glu-H-6B), 7.24 (2H, s, galloyl-H-2, 6), 6.81,

6.66 (% 1H, s, HHDP H-3, 3); "*C-NMR (150 MHz,
acetone-dg) o: 95.1 (glu-C-1), 73.1 (glu-C-2), 74.0
(glu-C-3), 71.8 (glu-C-4), 72.1 (glu-C-5), 63.0 (glu-
C-6), 119.1 (galloyl-C-1), 109.6 (galloyl-C-2, 6),
145.2 (galloyl-C-3, 5), 139.2 (galloyl-C-4), 165.6
(galloyl C = 0), 115.5, 115.2 (HHDP C-1, 1"), 1254,
125.1 (HHDP C-2, 2'), 107.0, 107.4 (HHDP C-3, 3'),
144.3, 144.3 (HHDP C-4, 4'), 135.9, 135.9 (HHDP
C-5, 5'), 144.0, 143.9 (HHDP C-6, 6'), 168.5, 168.2
(HHDP-C = 0), VL ¥ 5 scifdfig s A — g,
HUEEACEY) T N 1-0- B T BEFE-4,6-(5)- /N Fad
X2 Tk - B-D- Nt e 70 67 45 o

& 8: Wit A, [o]F —31.8° (¢, 03,
MeOH); FAB-MS m/z: 633 [M—H], HR-FAB-MS
miz: 633.072 5 [M—H] (i 5 1H 633.072 7,
C,7H,,0); "H-NMR (600 MHz, acetone-dg) o: 6.13
(14, d, J = 8.2 Hz, glu H-1), 5.01 (1H, t, J = 8.6 Hz,
glu-H-2), 5.22 (1H, t, J = 9.6 Hz, glu-H-3), 3.96 (1H,
t, J = 9.6 Hz, glu-H-4), 3.75 (1H, m, glu-H-5), 3.82
(1H, dd, J = 12.1, 12.4 Hz, glu-H-6a), 2.92 (1H, dd,
J=12.1, 4.8 Hz, glu-H-6pB), 7.15 (2H, s, galloyl-H-2,
6), 6.71, 6.43 (% 1H, s, HHDP H-3, 3); "“C-NMR
(150 MHz, acetone-dg) J: 92.1 (glu-C-1), 75.4
(glu-C-2), 803 (glu-C-3), 67.8 (glu-C-4), 75.4
(glu-C-5), 61.7 (glu-C-6), 120.2 (galloyl-C-1), 110.1
(galloyl-C-2, 6), 146.2 (galloyl-C-3, 5), 139.7 (galloyl-
C-4), 165.0 (galloyl-C = O), 114.53, 114.45 (HHDP
C-1, 1", 127.0, 126.5 (HHDP C-2, 2"), 107.6, 107.1
(HHDP C-3, 3'), 145.2, 145.0 (HHDP C-4, 4"), 136.3,
136.2 (HHDP C-5, 5'), 144.5, 144.4 (HHDP C-6, 6'),
169.4, 168.7 (HHDP C = O). UL % 5 SCik o &
A, M A 8 N 1-0- B Ik HE-2,3-
(S)-7N F2 R I A Y I - B-D- A g 24 1 267 4

&M 9: Wit AR, [o]F —454° (c, 03,
MeOH); FAB-MS m/z: 785 [M—H] , HR-FAB-MS
m/z: 785.083 0 [M—H] (75 {E 785.083 6,
C34H5027); "H-NMR (600 MHz, acetone-dg) J: 5.92
(14, d, J = 8.3 Hz, glu-H-1), 3.74 (1H, t, J = 8.2 Hz,
glu-H-2), 5.51 (1H, t, J = 9.2 Hz, glu-H-3), 5.07 (1H,
t, J = 10.0 Hz, glu-H-4), 4.37 (1H, m, glu-H-5), 5.33
(1H, dd, J = 13.4, 6.5 Hz, glu-H-60), 4.20 (1H, d, J =
13.4 Hz, glu-H-6B), 7.22 (2H, s, galloyl-H-2, 6), 7.05
(2H, s, galloyl-H-2, 6), 6.64, 6.44 (% 1H, s, HHDP
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H-3, 3'); “C-NMR (150 MHz, acetone-ds) &: 95.9
(glu-C-1), 72.5 (glu-C-2), 75.6 (glu-C-3), 70.8
(glu-C-4), 72.9 (glu-C-5), 63.3 (glu-C-6), 121.4, 120.6
(galloyl-C-1), 110.4, 110.2 (galloyl-C-2, 6), 146.1,
145.8 (galloyl-C-3, 5), 139.6, 138.9 (galloyl-C-4),
166.6, 165.3 (galloyl-C = 0), 115.9, 115.5 (HHDP
C-1, 1), 126.6, 126.2 (HHDP C-2, 2'), 108.1, 107.8
(HHDP C-3, 3"), 145.3, 145.2 (HHDP C-4, 4'), 136.5,
136.5 (HHDP C-5, 5'), 144.5, 144.5 (HHDP C-6, 6'),
168.0, 167.7 (HHDP C = O). LA - %¥s 5 ik ikiE 3
A5 WS EAY 9N 1,3--0-1% & Tk
H-4,6-(S)-7N F2 FEI R I J5- B-D- ML i 110 67 5 0
&Y 10: FEEMAK, [a]h —53.0° (¢, 0.2,
MeOH); FAB-MS m/z: 785 [M—H] , HR-FAB-MS
m/z: 785.084 0 [M—H] (il 5 1H 785.083 6,
C34H2502): "H-NMR (600 MHz, acetone-de) 6: 6.22
(1H, d, J = 8.4 Hz, glu-H-1), 5.07 (1H, t, J = 8.4 Hz,
glu-H-2), 5.29 (1H, t, J = 9.5 Hz, glu-H-3), 4.08 (1H,
t, J = 9.5 Hz, glu-H-4), 4.09 (1H, m, glu-H-5), 4.59
(1H, dd, J = 12.1, 1.5 Hz, glu-H-6a), 4.54 (1H, d, J =
12.1, 4.0 Hz, glu-H-6pB), 7.17 (2H, s, galloyl-H-2, 6),
7.15 (2H, s, galloyl-H-2, 6), 6.71, 6.44 (% 1H, s,
HHDP H-3, 3'); C-NMR (150 MHz, acetone-ds) o
923 (glu-C-1), 75.5 (glu-C-2), 80.0 (glu-C-3), 76.3
(glu-C-4), 67.9 (glu-C-5), 63.5 (glu-C-6), 121.5, 120.2
(galloyl-C-1), 110.2, 110.0 (galloyl-C-2, 6), 146.2,
146.1 (galloyl-C-3, 5), 139.8, 138.9 (galloyl-C-4),
166.6, 165.0 (galloyl-C = 0), 114.7, 114.5 (HHDP
C-1, 1), 127.0, 126.5 (HHDP C-2, 2'), 107.7, 107.1
(HHDP C-3, 3), 145.2, 145.0 (HHDP C-4, 4'), 136.4,
136.3 (HHDP C-5, 5'), 144.6, 144.6 (HHDP C-6, 6'),
169.4, 168.8 (HHDP C = O). LA - %¥5 5 ek ikiE 3
A—F, WSS 10 4 1,6- —-0-B & Tt
$£-2,3-(8)-7N F2 FE I 2K Y gt 55 - B-D- MLk e 0 757 257 4
WA 11: FBEKHAE, [o] +31.2° (¢, 1.0,
MeOH); FAB-MS m/z: 935 [M—H]", HR-FAB-MS
m/z: 935.07 89 [M—H] (IT51H935.078 9, C41H,056);
'H-NMR (600 MHz, acetone-dg) J: 6.22 (1H, d, J =
8.8 Hz, glu-H-1), 5.19 (1H, t, J = 8.8 Hz, glu-H-2),
5.46 (1H, t, J = 9.2 Hz, glu-H-3), 5.17 (1H, t, J = 9.9
Hz, glu-H-4), 4.51 (1H, m, glu-H-5), 5.37 (1H, dd, J =
12.1, 6.6 Hz, glu-H-6a), 4.42 (1H, d, J = 12.1 Hz,
glu-H-6P), 7.18 (2H, s, galloyl-H-2, 6), 6.68, 6.55,

6.47, 6.37 (1H, s, HHDP H-3, 3); "“C-NMR (150
MHz, acetone-dg) d: 92.3 (glu-C-1), 75.9 (glu-C-2),
772 (glu-C-3), 69.2 (glu-C-4), 73.5 (glu-C-5), 63.1
(glu-C-6), 120.0 (galloyl-C-1), 110.3 (galloyl-C-2, 6),
146.3 (galloyl-C-3, 5), 140.0 (galloyl-C-4), 165.0
(galloyl-C = 0); 116.0, 115.8, 115.0, 114.2 (HHDP
C-1, 1'), 126.5, 126.5, 126. 1, 125.9 (HHDP C-2, 2),
108.3, 107.6, 107.3, 107.3 (HHDP C-3, 3), 145.3,
145.1 (HHDP C-4, 4"), 136.63, 136.56, 136.50, 136.2
(HHDP C-5, 5'), 144.62, 144.58, 144.58, 144.58,
144.5 (HHDP C-6, 6'), 169.2, 168.6, 168.0, 167.8
(HHDP C = 0). VA % 55 e s 3 A —5 ',
WU SEAL G 11 R FR B EE

WEY 12: RIFEERAE, [a]h +46.7° (c, 1.0,
MeOH); FAB-MS m/z: 937 [M—H] , HR-FAB-MS
m/z: 937.094 8 [M—H] (itH 1 937.094 6,
C41H2902): 'H-NMR (600 MHz, acetone-ds) 6: 6.22
(1H, d, J = 8.3 Hz, glu-H-1), 5.62 (1H, t, J = 8.3 Hz,
glu-H-2), 5.87 (1H, t, J = 9.3 Hz, glu-H-3), 5.24 (1H,
t, J = 10.0 Hz, glu-H-4), 4.57 (m, glu-H-5), 5.37 (1H,
dd, J = 13.4, 6.5 Hz, glu-H-6a), 3.91 (1H, d, J = 13.4
Hz, glu-H-6p), 7.14 (2H, s, galloyl-H-2, 6), 7.03 (2H,
s, galloyl-H-2, 6), 7.00 (2H, s, galloyl-H-2, 6), 6.68,
6.49 (% 1H, s, HHDP H-3, 3); "*C-NMR (150 MHz,
acetone-dg) J: 93.6 (glu-C-1), 71.7 (glu-C-2), 73.1
(glu-C-3), 70.6 (glu-C-4), 73.0 (glu-C-5), 63.0 (glu-
C-6); 120.5, 120.4, 119.8 (galloyl-C-1), 110.3, 110.1,
110.0 (galloyl-C-2, 6), 146.1, 145.9, 145.7 (galloyl-
C-3, 5), 139.8, 139.2, 139.1 (galloyl-C-4), 166.2,
165.4, 164.9 (galloyl-C = 0), 115.6, 115.5 (HHDP
C-1, 1), 1264, 125.8 (HHDP C-2, 2/, 108.1, 107.7
(HHDP C-3, 3'), 144.4, 144.40 (HHDP C-4, 4), 136.5,
136.4 (HHDP C-5, 5'), 145.2, 145.1 (HHDP C-6, 6),
168.0, 167.5 (HHDP C = O). LA - ¥{#f- 5 SChik K& 1%L
8", MUEENREY 12 4 123-=-0-% & Tk
F-4,6-(S)-/NFRIEOK — I IE-B-D-ML g B H &4

WEY 13: BEEER K la]h +51.0° (¢, 1.0,
MeOH); FAB-MS m/z: 937 [M—H] , HR-FAB-MS
m/z: 937.095 0 [M—H] (5 937.094 6,
C41H2902): 'H-NMR (600 MHz, acetone-ds) o: 6.37
(1H, d, J = 8.3 Hz, glu-H-1), 5.22 (1H, t, J = 8.9 Hz,
glu-H-2), 5.61 (1H, t, J = 10.0 Hz, glu-H-3), 5.63 (1H,
t, J = 10.0 Hz, glu-H-4), 5.54 (m, glu-H-5), 4.56 (1H,
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dd, J = 124, 2.1 Hz, glu-H-6a), 4.40 (1H, dd, J =
12.4, 4.5 Hz, glu-H-6pB), 7.18 (2H, s, galloyl-H-2, 6),
7.17 (2H, s, galloyl-H-2, 6), 7.15 (2H, s, galloyl-H-2,
6), 6.68, 6.45 (% 1H, s, HHDP H-3, 3'); "C-NMR
(150 MHz, acetone-ds) o: 92.1 (glu-C-1), 75.4
(glu-C-2), 679 (glu-C-3), 77.4 (glu-C-4), 74.2
(glu-C-5), 62.8 (glu-C-6); 121.3, 120.6, 120.0
(galloyl-C-1), 110.3, 110.2, 110.1 (galloyl-C-2, 6),
146.3, 146.1, 146.0 (galloyl-C-3, 5), 139.8, 139.5,
139.1 (galloyl-C-4), 166.4, 165.6, 165.0 (galloyl-C = O),
114.6, 114.4 (HHDP C-1, 1'), 126.4, 126.1 (HHDP
C-2, 2, 107.4, 107.2 (HHDP C-3, 3'), 144.6, 144.6
(HHDP C-4, 4"), 136.4 (HHDP C-5, 5"), 145.2 (HHDP
C-6, 6'), 169.0, 168.6 (HHDP C = 0), DL E¥ikE 53¢
mkFROE R — T, WA 13 O 14,6
= -0- W BT T HE -2,3-(8)- 7N FR AR IR T I g -
B-D-EL A 724 A 22 B o

B 14: WELEAK, [a]h +28.0° (¢, 0.2,
MeOH); FAB-MS m/z: 1 103 [M—H] , HR-FAB-MS
m/z: 1 103.085 5 [M—H] (iF&1{E 1 103.084 8,
C4sH31031); 'H-NMR (600 MHz, Acetone-ds-D,0)
5.64 (1H, d, J = 4.8 Hz, glu-H-1), 4.66 (1H, dd, J =
5.2, 2.0 Hz, glu-H-2), 5.44 (1H, dd, J = 2.1, 2.0 Hz,
glu-H-3), 5.42 (1H, dd, J = 8.6, 2.1 Hz, glu-H-4), 5.29
(1H, dd, J = 8.9, 3.4 Hz, glu-H-4), 4.80 (1H, dd, J =
13.0, 3.8 Hz, glu-H-6a), 4.02 (1H, d, J = 13.0 Hz, glu-
H-6pB), 7.06 (2H, s, galloyl-H-2, 6), 7.11, 6.84, 6.51,
6.24 (% 1H, s, HHDP-H, valoneoyl-H); "*C-NMR
(150 MHz, acetone-dg-D,0) o: 67.4 (glu-C-1), 77.0
(glu-C-2), 69.8 (glu-C-3), 74.2 (glu-C-4), 71.0 (glu-
C-5), 64.7 (glu-C-6), 120.9 (galloyl C-1), 110.1
(galloyl C-2, 6), 146.0 (galloyl C-3, 5), 139.3 (galloyl
C-4), 166.0 (galloyl C = 0), 115.7, 120.9, 124.5
(valoneoyl C-1, 1', 1), 116.4, 117.1, 138.7 (valoneoyl
C-2, 2/, 2", 145.3, 145.3, 145.9 (valoneoyl C-3, 3',
3", 135.0, 136.9, 137.6 (valoneoyl C-4, 4', 4"), 145.0,
147.1, 140.2 (valoneoyl C-5, 5', 5'), 108.3, 105.0,
109.8 (valoneoyl C-6, 6', 6"), 167.6, 168.9, 168.9
(valoneoyl C = 0), 120.3, 126.7 (HHDP C-1, 1),
116.1, 116.3 (HHDP C-2, 2'), 145.9, 146.3 (HHDP
C-3, 3"), 127.5, 137.0 (HHDP C-4, 4'), 143.1, 143.7
(HHDP C-5, 5", 117.2, 105.4 (HHDP C-6, 6"), 165.0,
169.7 (HHDP C = 0).. A b#udls 5 3lkiiE i £

— 3, W% e &) 14 24 hippophaenin B.

WEY 15 REFERE, [o]h +89.0° (c, 0.8,
MeOH); FAB-MS m/z: 783 [M—H], HR-FAB-MS
m/z: 783.068 1 [M—H] (it& {4 783.067 9,
C34H2305,): 'H-NMR (600 MHz, acetone-de) : 5.48
(1H, t, J = 3.7 Hz, a-glu-H-1), 5.08 (1H, dd, J = 9.7,
3.7 Hz, a-glu-H-2), 547 (1H, t, J = 9.7 Hz, a-glu-
H-3), 5.10 (1H, t, J = 8.6 Hz, a-glu-H-4), 4.62 (1H,
ddd, J = 10.1, 7.2, 1.7 Hz, o-glu-H-5), 5.29 (1H, dd,
J=12.1, 6.8 Hz, a-glu-H-60), 3.78 (1H, dd, J = 12.1,
1.7 Hz, a-glu-H-6pB), 5.08 (1H, d, J = 8.2 Hz, B-glu-
H-1), 4.85 (1H, t, J = 8.2 Hz, p-glu-H-2), 5.24 (1H,
dd, J = 9.2, 8.9 Hz, B-glu-H-3), 5.08 (1H, t, J = 9.6
Hz, B-glu-H-4), 423 (1H, ddd, J = 9.6, 6.9, 1.4 Hz,
B-glu-H-5), 5.31 (1H, dd, J = 13.4, 6.9 Hz, p-glu-
H-60), 3.85 (1H, dd, J = 13.4, 1.0 Hz, B-glu-H-6p),
6.68, 6.67, 6.60, 6.59, 6.56, 6.51, 6.33, 6.32 (% 1H, s,
HHDP H-3, 3"); “C-NMR (150 MHz, acetone-dg)
91.8 (o-glu-C-1), 75.6 (0-glu-C-2), 75.8 (a-glu-C-3),
69.9 (a-glu-C-4), 67.4 (a-glu-C-5), 63.5 (a-glu-C-6),
95.5 (B-glu-C-1), 78.4 (B-glu-C-2), 77.6 (B-glu-C-3),
69.6 (B-glu-C-4), 72.5 (B-glu-C-5), 63.5 (B-glu-C-6),
115.9, 115.9, 115.8, 115.7, 115.0, 115.0, 114.0, 114.0
(HHDP C-1, 19, 127.0, 126.8, 126.7, 126.7, 126.7,
126.6, 126.2, 126.1 (HHDP C-2, 2'), 108.4, 108.3,
107.8, 107.7, 107.6, 107.5, 107.3, 107.2 (HHDP C-3,
3%, 145.2, 145.2, 145.1, 145.1, 145.1 (HHDP C-4, 4),
136.5, 136.5, 136.0, 136.0 (HHDP C-5, 5'), 144.6,
144.5, 144.5, 144.4, 1443, 144.3 (HHDP C-6, 6'),
169.3, 169.3, 168.8, 168.7, 168.2, 168.1, 167.8, 167.8
(HHDP C=0). LA F3i 5 SClkdiis i $os — s,
45 7€ N pedunculagin.

WEY 16: HEZER K[o]h +38.0° (c, 0.8,
MeOH); FAB-MS m/z: 935 [M—H] , HR-FAB-MS
m/z: 935.079 1 [M—H] (il &1 935.078 9,
C41H2702): 'H-NMR (600 MHz, acetone-ds-D,0) &:
5.62 (1H, d, J = 5.2 Hz, glu-H-1), 4.68 (1H, dd, J =
52, 5.0 Hz, glu-H-2), 547 (1H, t, J = 2.0 Hz,
glu-H-3), 5.49 (1H, dd, J = 8.0, 2.0 Hz, glu-H-4), 5.36
(1H, dd, J = 8.0, 2.8 Hz, glu-H-5), 4.90 (1H, dd, J =
13.1, 3.5 Hz, glu-H-6a), 4.09 (1H, d, J = 13.1 Hz,
glu-H-6B), 7.13 (2H, s, galloyl-H-2, 6), 6.88, 6.58,
6.53 (% 1H, s, HHDP H-3, 3'); "“C-NMR (150 MHz,
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acetone-dg-D,0) d: 67.1 (glu-C-1), 77.0 (glu-C-2),
69.8 (glu-C-3), 71.2 (glu-C-4), 74.1 (glu-C-5), 64.6
(glu-C-6), 120.6 (galloyl C-1), 110.1 (galloyl C-2, 6),
146.1 (galloyl C-3, 5), 139.6 (galloyl C-4), 166.2,
165.4, 166.4 (galloyl C = 0), 116.6, 116.4, 116.2,
115.4 (HHDP C-1, 1)), 127.4, 126.8, 124.8, 119.8
(HHDP C-2, 2'), 117.3, 108.6, 107.2, 105.4 (HHDP
C-3, 3'), 146.2, 145.9, 145.3, 143.9 (HHDP C-4, 4'),
139.0, 137.0, 136.1, 135.1 (HHDP C-5, 5"), 145.3,
144.8, 144.8, 143.7 (HHDP C-6, 6'), 169.9, 169.3,
168.9, 165.6 (HHDP C = 0). LA 3l 5 CEkiRkiE it
Hom—sM, M A Y 16 NARRREE T .

WHEW1T: FARER K, FAB-MS m/z: 301 [M—
H], HR-FAB-MS m/z: 300.998 8 [M—H] ™ (it-%&1H
300.998 4, C14Hs05); "H-NMR (600 MHz, DMSO-dj)
5. 746 (2H, s, H-5, 5'); "“C-NMR (150 MHz,
DMSO-d) d: 107.4 (C-6, 6'), 110.1 (C-5, 5'), 112.3
(C-1, 1'), 136.4 (C-2, 2'), 139.7 (C-3, 3"), 148.1 (C-4,
4'),159.1 (C-7, 7" LALZdls 5 SOk (1) 5 —
FPY, WA 1T AR .

&Y 18: Tk, FAB-MS m/z: 193 [M—
H], HR-FAB-MS m/z: 193.071 0 [M—H] ({1514
193.071 1, CoH,304): "H-NMR (600 MHz, DMSO-dj)
5: 3.31 3H, s, OMe), 3.87 (1H, t, J = 3.4 Hz, H-1),
3.10 (1H, dd, J = 9.6, 3.1 Hz, H-2), 3.38 (1H, t, J=9.3
Hz, H-3), 3.29 (1H, t, J = 9.3 Hz, H-4), 3.43 (1H, dd,
J=9.6,3.9 Hz, H-5), 3.68 (1H, t, J = 3.8 Hz, H-6);
BC-NMR (150 MHz, DMSO-dg) &: 57.0 (OCHs), 68.1
(C-1), 70.5 (C-5), 72.0 (C-6), 72.2 (C-3), 73.3 (C-4),
81.1(C-2). VA_EHit 5 Sk i po s — 5™,
Y E AW 18 NIARE.

4 (KRIMRRFNIALREE IR MY
4.1 1% RAW264.7 EREARE—F LR (NO) &£
FXHI I 2 TE IR

& 10%64° ML7E 1) Ham’s F12 15953, 7€ 37
"C. 5% CO, 21 T 5555 RAW264.7 ELWELRM . KI5
fir T DMSO BIAN [F) A FE (A3 5 \LPS (100 ng/mL)
FIFN-y (10 U/mL) — IS0 2l . K5
7t 16 h J, HU4HM Fi5E 7R 100 L B T-H71 96
LR, A Griess 5] (% S%BEERIY 1%%) 2 Ak
AL, 0.1%%% & R IREL K 50 uL) . EIR T
WEGTBCE 10 min, FHEEARCINE [ S H)7E 570 nm
MRS, FFFNERTE 655 nm 75 FOGFEAE

SKIGAR (R 1) Bor, SRR EH
tb, ZEEFER SV EA BERRH — 2R A
ETER . (&Y 11, 16 F1 6 MiGTHER R, 1Cs
359 10.8. 11.4. 11.5 pmol/L, i BI¥EF AT
RAETE T REBE A I BT ML L AN /N R R A —
AR H B 22 T3 98
F1 UEMI~18 MIEZEMTHEIESH RAW264.7 B
BEARRRY— LA (NO) HRAGHIHIZR
Table 1 Inhibition on NO production stimulated by LPS
and IFN-y in RAW264.7 cells by compounds 1—18

WEY  1Cs/(umol-L™") wEY ICso/(umol- L™

1 21.7 1 10.8

2 16.0 12 14.9

3 19.1 13 12.3

4 142 14 16.8

5 159 15 17.6

6 11.5 16 114

7 189 17 14.0

8 17.7 18 >100

9 152 AN 17.5

10 16.4

4.2 #NH) 3T3L-1 BERAERE=EE H il (TG) &R
AR BETE T

FE 10%:81 £ /N I3 1) =i DMEM B 772
fE37 C\ 5% CO, %A T 1557 3T3-L1 g4,
Fraif KB ARAE G 2d (350 X)) B, T
FHRERE (5 10%H64- 35 . 10 pg/mL 5
#~ 1.0 pmol/L HIZEKFA. 500 umol/L 1-Fi2E-3-57
TEETIES) USSR EE R A B IR 3 d, A
R s R (5 10%062F 35 . 5 pg/mL JE S
2 HUSIMAFIIR EERIRE SR 7% 3 d, HH RIRERE IR
FEIRT A [ B2 HORE S B 7 2258 8 Ko 3T3-L1 Mg
Iy A PBS (-) JE¥E)A, % 1 mmol/L EDTA fJ
25 mmol/L Tris-HC1 Z2 i US4 i, S 50, H
LabAssay' ™ Triglyceride it 7] & ( WAKO Pure
Chemical Industries Ltd.) W@ 4ifg+ &#H TG &
i, A A H i B it S C GPDHD 7 & ( TaKaRa
Bio Inc.) Wl 7€ GPDH Wi, 735l & & 70 H7 5 105 & 1
M RERE, VP ki AP R 4

SISEER (B D &R, £ 10 umol/L WFERT,
H A 6T HEA B 20T IR 4E R TG & AR B 22
2908 25%, (AR T 1) 2 B0 5 2R 40 S W ) 22
N 30%~40%, B = HIE - . (EY)
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7. B-d-glucopyranose from hydroalcoholic extract of
60! ETG EGPDH Terminalia chebula fruits effective against

9 10 11 12 13 14 15 16 17 18{4\%

E1 k&% 1~18%F3T3-L1 BERA4AAEAY TG EFF1 GPDH
SLBINHIE (x+5,n=3)

Fig. 1 Inhibition of TG content and GPDH activity by
compounds 1—18 in 3T3-L1 adipocytes (x + s ,n=3)

4~6 B 1~3 [INHIE T, WHIREE SR T E
HHKEZ, SR PIL S R 95 .
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